Denervation of pelvic floor sphincter muscles is a feature of pelvic floor disorders. When severe, it may be accompanied by stress incontinence of faeces, or of urine. The extent of chronic partial denervation of these pelvic floor muscles can be quantified by electromyography (EMG), and its cause identified by electrophysiological studies of the motor innervation of these striated muscles. Damage to this innervation is often initiated by childbirth, but appears to progress during a period of many years so that the functional disorder usually presents in middle life. Incontinence develops in some patients, but not in others. This can be predicted by the severity of the abnormalities found in EMG studies of the pelvic sphincter musculature and motor latency studies of its innervation. The results of such investigations in the six common types of pelvic floor disorder are presented. Recognition of the causative factors leading to damage to the innervation of the pelvic sphincter muscles implies new approaches to treatment and to prevention of pelvic floor disorders and incontinence.
Introduction
Pelvic floor disorders are a common cause of disability and distress, especially in women, but hitherto their pathogenesis has not been well understood. We have found that these disorders are associated, in varying degree, with clinical, electrophysiological and histological features of chronic partial denervation in the muscles of the pelvic floor, especially in the puborectalis and levator ani muscles, and in the external anal and periurethral striated sphincter muscles (Parks et al. 1977 , Neill & Swash 1980 , Snooks et al. 1984a , 1985c ,d, Beersiek et al. 1979 , Snooks & Swash 1984 . These studies have led us to develop a unitary approach to understanding the pathogenesis of this group of disorders that has implications for diagnosis, investigation and management, and also for prevention.
Patients and methods
Six groups of patients, consisting of 124 women, have been studied (Table 1) . These comprised 20 patients with idiopathic anorectal incontinence; 20 with anorectal incontinence associated with complete rectal prolapse; 20 with incontinence of both faeces and urine (double incontinence); 20 with solitary rectal ulcer syndrome; 20 with division of the anterior part of the external anal sphincter, associated with anorectal incontinence, that had occurred during difficult vaginal delivery; and 24 with severe and intractable constipation. Anorectal incontinence was defined as the inadvertent passage of formed faeces. Urinary incontinence consisted of genuine stress incontinence confirmed by videocystometrography. The diagnosis of solitary rectal ulcer syndrome was confirmed by biopsy. Constipation was defined as the passage of faeces less than twice per week during a period of more than two years (Snooks et al. 1985b , Preston & Lennard-Jones 1985 . Some of these patients have been reported previously (Snooks et al. 1984a (Snooks et al. , 1985c .
Twenty women without anorectal abnormality, who had not experienced vaginal delivery, served as controls. In addition, the results in 9 patients with cauda equina lesions (Snooks & Swash, in preparation) provided validation of our electrophysiological procedures for the assessment of abnormalities in the proximal part of the innervation of the pelvic sphincter muscles.
The electrophysiological methods used in our laboratory have been described in detail in previous reports (Parks et al. 1977 , Neill & Swash 1980 , Snooks et al. 1984a , 1985b , c, d, Beersiek et al. 1979 , Snooks & Swash, 1984 , Henry & Swash 1985 , Kiff & Swash 1984 . Single-fibre EMG is used to determine the fibre density, a measure of the packing density of muscle fibres in individual motor units that can be used as an index of reinnervation, in the external anal sphincter and puborectalis muscles (Neill & Swash 1980) . The pudendal nerve terminal motor latency (PNTML) is used to assess motor conduction in the distal part of the pudenal innervation of the external anal sphincter muscle (Snooks et al. 1985c , d, Henry & Swash 1985 , Kiff & Swash 1984 ). An infrarectal stimulating and recording device, developed in our laboratory, is used for this measurement (Kiff & Swash, 1984) . Transcutaneous stimulation of sacral spinal motor nerve roots in the cauda equina is used to assess motor conduction within the spinal canal, and in the proximal parts of the innervations of the external anal sphincter and puborectalis muscles (Snooks & Swash, in preparation, Henry & Swash 1985) .
Motor latencies are measured from supramaximal stimulation at the LI and L4 vertebral levels. The difference between these two measured motor latencies is increased when there is a lesion in the motor roots in the cauda equina (Snooks & Swash, in preparation) and the ratio of the two latencies can be used as a simple index of the presence of a proximal or distal lesion in the innervation of the external anal sphincter, puborectalis, or periurethral striated sphincter musculature, depending on the recording site chosen (Snooks et al. 1985c , d, Snooks & Swash 1984 , 1985 , Henry & Swash 1985 .
Since the puborectalis is particularly relevant to faecal continence (Parks et al., 1977 , Beersiek et al. 1979 , Snooks et al. 1985a , Parks 1975 ), assessment of the innervation of this muscle is especially important. However, the innervation of this muscle probably differs from that of the external anal sphincter muscle (Neil & Swash 1980) , being derived not from the pudendal nerves but from direct pelvic branches of the motor roots of S3 and S4 (Percy et al. 1981 ). Since it is not possible to stimulate these nerves within the pelvis, the innervation of this muscle can only be assessed by latency measurements from transcutaneous stimulation of the sacral nerve roots in the cauda equina (Henry & Swash 1985) .
The Wilcoxon rank sum test was used for comparison of data in the various patient groups.
Results
In each of the seven groups of patients with pelvic floor disorders, the mean PNMTL was increased compared with the control group (P<0.01), but the PNTML was normal in the patients with cauda equina lesions (Table 1 ). In the latter group of patients motor nerve conduction was slowed in the proximal part of the innervation of these muscles, as assessed by the motor latencies from spinal stimulation at the LI and L4 vertebral levels. Slowing of motor conduction in the proximal innervation of the pelvic sphincter muscles, in addition to the distal abnormality shown by the PNTML measurement (Table 2) , is also found in 12% of patients with idiopathic anorectal incontinence (Snooks et al. 1985d ). The PNTML was more abnormal in the patients with anorectal incontinence than in the other patients. For example, in the patients with intractable constipation the mean PNTML was 2.2 ms, but in the patients with anorectal incontinence it was greater than 2.5 ms, i.e. 80% greater than normal. Similarly, the mean fibre density in the external anal sphincter muscle was significantly greater in the patients with incontinence, in whom it was 1.9 or more, than in the patients in whom continence was not compromised, in whom it was normal or nearly normal (Table 1 ).
Discussion
The clinical features of these different types of pelvic floor disorder overlap, particularly in the presence of weakness of the pelvic musculture, including the sphincter muscles, and the presence of perineal descent on straining. These features are accompanied by histological (Parks et al. 1977 , Beersiek et al. 1979 ) and electrophysiological (Neill & Swash 1980 , Snooks & Swash 1984 , Snooks et al. 1984a , 1985b , c, d, Parks 1975 , Henry et al. 1982 ) evidence of chronic partial denervation of these muscles and of damage to their nerve supply (Henry & Swash 1985) . These abnormalities are most evident in patients with incontinence. Indeed, incontinence is not found when the single-fibre EMG fibre density is less than 1.9, and the PNTML is less than 2.5 (Table 1) , except in patients in whom the cause of pelvic sphincter denervation is situated in the cauda equina or in the nerves in the pelvis, in whom the PNTML may be normal and spinal stimulation is required to demonstrate the nerve lesion ( Table 2) . The overlapping features of these disorders suggest that they are causally related. A unifying approach to their pathogenesis is set out in Figure 1 . Damage to the innervation of the pelvic floor muscles can arise from a combination of factors acting directly or indirectly.
Directfactors
Occult pudendal nerve damage, although usually symptomless, is common after uncomplicated vaginal delivery (Snooks et al. 1984b ). In some women, particularly in multiparous women, this pudenal nerve damage persists, although in most primiparous women it rapidly recovers (Snooks et al. 1984b Figure 1 . Factors leading to the development of pelvic floor disorders, and their relationship to incontinence. The two major factors are childbirth by the vaginal route, and excessive defaecation straining. Only when rectal prolapse is associated with incontinence is there a pelvic sphincter abnormality. The role of cauda equina disease, especially spondylotic degeneration in the lumbosacral canal, in the development of sphincter weakness in late middle life has only recently begun to be appreciated, but this appears to be a contributory rather than a primary cause. Perineal descent during straining is a major clinical feature of all patients with pelvic floor weakness that may itself lead to progression of the neurogenic lesion occult injury during childbirth is the major direct factor leading to damage to the innervation of the pelvic sphincters (Parks et at. 1977 , Beersiek et al. 1979 , Henry & Swash 1985 , Parks 1975 , and so to weakness of these muscles (Figure 1 ). However, incontinence usually develops many years after childbirth, rather than immediately, indicating that there are other contributory factors. One of these, present in about 12% of patients with idiopathic anorectal incontinence, is damage to the motor nerve roots of S3 and S4 in the cauda equina (Snooks et al. 1985d) , often due to coincidental disc disease, or stenosis of the spinal canal from osteoarthritis (Figure 1 ). This may be the sole cause of denervation of the pelvic sphincter musculature (Snooks & Swash, in preparation) , but it is more commonly a contributory cause in patients in whom there is also damage to the distal parts of the innervation of these muscles, initiated in childbirth (Henry & Swash 1985 , Kiff & Swash 1984 , Snooks et al. 1984b , 1985a , Parks 1975 , Percy et al. 1981 , Henry et al. 1982 .
Indirectfactors
Constipation and a history of repeated defaecation straining are frequently noted in patients presenting with idiopathic anorectal incontinence (Parks et al. 1977 , Beersiek et al. 1979 , Snooks et al. 1985a ). These functional abnormalities are of uncertain and perhaps multiple cause (Figure 1 ), but they are often associated with perineal descent on straining (Henry et al. 1982 , Snooks et al. 1984b ). The latter may itself cause damage to the innervation of the pelvic floor sphincter musculature because of the repeated stretch injury to these nerves that may occur during this downward movement of the pelvic floor (Snooks et al. 1984a , Henry & Swash 1985 , Neill et al. .1981 . Patients with excessive perineal descent have an obtuse angle, with loss of the post-defaecation closure reflex, and are thus predisposed to rectal prolapse (Snooks et al. 1985a ,c Neill et al. 1981 . Rectal prolapse is also often associated with faecal incontinence, but patients with this combination of problems show similar electrophysiological abnormalities to those found in patients with anorectal incontinence alone (Snooks et al. 1985c, Neill et al. 1981) ( Table 1 ). The interrelationship of these features and of solitary rectal ulcer syndrome to incontinence is shown in Figure 1 . These indirect factors thus lead to further damage to the innervation of the pelvic sphincters and pelvic floor muscles. However, constipation, defaecation straining and pelvic floor descent may themselves follow pelvic floor damage initiated during childbirth, so starting a cycle of events culminating in severe functional disturbance. Pelvic floor disorders commonly present after the menopause Henry & Swash 1985 , Parks 1975 , a feature suggesting that hormonal factors may be important. This concept is supported by a structural sexual dimorphism found in the human levator ani muscle. In this muscle, in women, the Type 1 muscle fibres are larger than the Type 2 fibres, although in all other skeletal muscles, as in men, Type 1 fibres are slightly smaller than Type 2 fibres (Polgar et al. 1973) . The functional significance of this feature in this muscle is unknown, but Type 1 muscle fibres are functionally adapted for tonic activity. Age-related changes in fibre type characteristics in the pelvic floor muscles have not yet been studied.
Relation ofidiopathic anorectal incontinence and genuine stress incontinence of urine These two syndromes may occur together or in isolation. Our studies of the electrophysiological abnormalities in the innervation of the periurethral and anorectal sphincter musculature have suggested that the pathogenesis of the two forms of incontinence is similar. In patients with stress incontinence of urine there is an increase in the terminal motor latency in the perineal branches of the pudendal nerves to a degree similar to that found in the pudendal nerves in patients with anorectal incontinence (Snooks & Swash 1984 , Snooks et al. 1984a , 1985a . The relative severity of urinary or faecal incontinence can be correlated with the electrophysiological abnormality in the two sphincter systems (Snooks & Swash 1984 , Snooks et al. 1984a , Henry & Swash 1985 . In addition, there is evidence that there is a contributory abnormality in the cauda equina in a few patients with stress incontinence of urine, as in some patients with anorectal incontinence (Snooks et al. 1985d ). The possible role of gynaecological abnormalities, especially vaginal prolapse and hysterectomy, has not yet been elucidated, although there are suggestions from the histories of patients with stress urinary incontinence that these might be important factors in some cases (Parks et al. 1977 , Parks 1975 ).
Incontinence and the extent ofelectrophysiological abnormality Anorectal incontinence is not likely to develop unless the fibre density in single-fibre EMG studies of the external anal sphincter or the puborectalis muscles is greater than 2.5, or the PNTML is greater than 1.8 (Table 1) . These abnormalities imply a considerable degree of damage to the innervation of these muscles. Our earlier histological studies showed that these muscles were very severely damaged in patients biopsied during attempted surgical correction of incontinence (Parks et al. 1977 , Beersiek et al. 1979 , indicating that the functional reserve in these muscles had been exceeded.
Finally, it must be recognized that damage to the innervation of the pelvic floor sphincter muscles is not the only cause of sphincter weakness leading to incontinence (Snooks et al. 1985e ), although it is by far the commonest. Our histological studies suggested that about 80% of patients with anorectal incontinence had denervation of these muscles, but the histological features of some of the muscles examined (Parks et al. 1977 , Beersiek et al. 1979 showed end-stage disease, so that the underlying pattern characteristic of denervation and reinnervation could not be recognized. Our electrophysiological investigations not only indicate that neurogenic sphincter damage is the usual cause of this syndrome of stress anorectal incontinence, and probably also of stress urinary incontinence, but suggest that there is a relationship between the functional pelvic floor disorders (Table 1, Figure 1 ) and incontinence (Henry & Swash 1985) . The extension of these concepts to stress urinary incontinence (Snooks et al. 1984a , 1985a , Snooks & Swash 1984 indicates that conventional concepts of the pathogenesis, and therefore perhaps also of treatment of this disorder, need reassessment.
